Effect of Trimethylamine N-Oxide on Interfacial Electrostatics at Phospholipid Monolayer-Water Interfaces and Its Relevance to Cardiovascular Disease.
Trimethylamine N-oxide (TMAO), a metabolite of choline containing dietary nutrients which are abundant in red meat, egg, and other animal foods, increases the risk of cardiovascular disease (e.g., atherosclerosis) by boosted accumulation of fatty deposits on artery wall. Hence, for the molecular level elucidation of the pathogenesis of atherosclerosis, it is important to understand the effect of TMAO at the endothelial cell membrane-blood interface (artery wall). Heterodyne-detected vibrational sum frequency generation (HD-VSFG) study of a zwitterionic phosphatidylcholine (PC) lipid monolayer-water interface (mimic of endothelial membrane-blood interface) shows that the interfacial water becomes increasingly H-up oriented in the presence of TMAO in the aqueous phase, revealing a dramatic change in the interfacial electrostatics. Examinations of charged lipid interfaces show that TMAO screens anionic phosphate less effectively than cationic choline, which confirms that TMAO increases the relative influence of the anionic phosphate by preferential screening of the cationic choline at the zwitterionic PC lipid interface where the phosphate and choline groups are simultaneously present. Together, it is conceivable that at an elevated TMAO level in serum would modify the electrostatics at the endothelial cell membrane-blood interface (artery wall), which may affect the influx/efflux of fatty deposits on artery wall, setting the stage for atherosclerosis.